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influence cell morphology, gene expression, cell survival, and
cell proliferation. Determining the role of LPA signaling within
the nervous system has been difficult in mammalian models
due to a significant amount of redundancy. We have begun to
determine the role of the LPA receptor XLPA1 using Xenopus
laevis as a model since there is less redundancy in this system.
XLPA1 is expressed in the developing CNS throughout
neurulation and later at tailbud stages in Xenopus. Loss of
XLPA1 function, using morpholino oligonucleotides targeted
to a specific blastomere fated to give rise to the nervous
system, results in a loss of anterior neural structures including
eye and neural tube within the forebrain. These structures can
be rescued by reintroduction of a morpholino-resistant mRNA
for XLPA1 into the same cell as the morpholino. In the loss of
function embryos, this phenotype is due to increased levels of
apoptosis and reduced levels of proliferation within the
developing CNS. Expression of the neural induction and
specification markers Xsox2 and Xpax6 is expressed in a
normal pattern during early neural induction, but at later stages
the expression is lost in an anterolateral domain of the CNS.
These data suggest that XLPA1 signaling plays a central role in
the CNS and is necessary as a survival signal.
doi:10.1016/j.ydbio.2006.04.344
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Plenty of Src homology 3 domains (POSH) is a scaffold
protein and ubiquitin ligase that interacts with multiple serine/
threonine kinases and the small GTPase Rac. POSH is expressed
in the developing central nervous system as well as in non-neural
embryonic tissues, including lung, kidney and testis. We find
that inhibition of POSH expression by RNAi in either mouse
P19 neurons or mouse primary cortical neurons leads to
enhanced axon outgrowth, while overexpression of POSH
reduces process outgrowth. These observations suggest that
POSH negatively regulates axon outgrowth. POSH is present in
growth cones, suggesting that POSH may act in this compart-
ment to regulate axon outgrowth. POSH interacts with Shroom,
an F-actin binding protein, and RNAi-mediated inhibition of
Shroom also leads to a dramatic increase in axon length. In
addition, overexpression of the Shroom actin binding domain, a
dominant negative protein, leads to enhanced axon outgrowth,
suggesting that Shroom couples to the cytoskeleton to regulate
process outgrowth. Taken together, our results suggest that the
POSH–Shroom complex negatively regulates axon outgrowth.
We propose that the POSH–Shroom complex impedes axon
outgrowth by regulating the neuronal cytoskeleton. Supported
by NIMH (ABV) and NINDS (DLT).
doi:10.1016/j.ydbio.2006.04.345
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We have developed new RNA polymerase II expression
vectors for RNA interference (RNAi), designated SIBR vectors,
based upon miR-155 precursor in the mouse non-coding RNA
BIC. At least two different synthetic miRNAs can be expressed
from a single transcript without compromising inhibitory effi-
cacy, allowing effective inhibition of two genes using a single
vector. Alternately, multimerization of a single miRNA cassette
up to at least eight copies can be used to increase the inhibition
of a target mRNA. In addition, the miRNA can be located within
an intron for coupled expression of the miRNA and a marker
protein from a single transcript, facilitating the identification or
selection of cells expressing the miRNA. Alternately, expression
of a biologically active protein can be combined with RNAi for
functional analyses of a downstream pathway. We show that
intronic expression of two tandem SIBR cassettes each targeting
one of two related kinases, B-Raf and c-Raf, provided effective
knockdown of both endogenous proteins but did not reduce the
level of the untargeted kinase ERK. Expression of an intronic
SIBR cassette from a dual-intron vector further enhances inhi-
bition, and this design can be combined with multimerization of
the miRNA cassettes. The SIBR vectors offer a flexible system
for RNAi, amenable for the analysis of combinations of genes
with potentially redundant functions in developmental processes.
Supported by NINDS and UM Center for Gene Therapy
(DLT), ACS (ABV), NIMH (PDP).
doi:10.1016/j.ydbio.2006.04.346
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One of the ways by which Hedgehog (Hh) signaling regulates
the activity of the transcription factors Ci/Gli3 is by the
proteolytic processing of the full-length protein into a truncated
transcriptional repressor. We show that partial proteolysis is
carried out by the proteasome and that two features of the Ci
protein are required for processing. The first is the tightly folded
zinc finger domain, and the second is a simple sequence domain
positioned at an appropriate distance from the zinc fingers. The
complexity of the simple sequence domain determines the extent
of proteolytic processing. In tissue culture, substituting the Ci
simple sequence domain with a lower complexity sequence
gives rise to more repressor and greater repression of Hh target
genes. In vivo, substituting a Ci protein with a lower complexity
simple sequence domain for the endogenous Ci protein changes
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the expression of Hh target genes such as dpp and leads to
patterning defects in the wing. These results suggest that the
complexity of the Ci simple sequence domain is under selective
pressure and that the proper extent of partial proteolysis is crucial
for correct patterning in response to Hh.
doi:10.1016/j.ydbio.2006.04.347
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In vertebrates, the transcription factor Tbx5 is important in
controlling cardiogenesis and forelimb induction and identity.
We have identified a novel PDZ-LIM protein, Lmp4, that spe-
cifically binds Tbx5 but not related Tbx proteins. When ex-
pressed individually in COS7 cells, Tbx5 localizes to the nucleus
and Lmp4 is associated with actin filaments. When co-ex-
pressed, Lmp4 binds and targets Tbx5 to the actin cytoskeleton.
Although two nuclear localization signals (NLS) have been
identified, the mechanism by which Tbx5 leaves the nucleus is
not known. We have identified a leucine-rich nuclear export
signal (NES) in Tbx5, which is found in most of the substrates of
the CRM1 export protein. To determine if this NES is functional,
mutagenesis was utilized to change critical amino acid(s) within
this sequence. The NES-mutant Tbx5 constructs were expressed
as EGFP-fusions with and without Lmp4 and localization was
monitored by confocal microscopy. All Tbx5NES-mutants were
retained in the nucleus even in the presence of Lmp4. The sub-
cellular localization and interaction with Lmp4 were further ana-
lyzed via co-immunoprecipitation, transcriptional activity assays,
and pharmacological compounds known to interfere with the
CRM1 pathway. This first demonstration of an evolutionarily
conserved NES in a Tbx transcription factor in addition to the
known NLS provides a mechanism for the transcription factor to
dynamically re-locate between the nucleus and the cytoplasm.
doi:10.1016/j.ydbio.2006.04.348
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P120-catenin is an Armadillo protein of the p120-catenin
sub-family that interacts with varied intracellular signaling
components such as cadherin, Rho GTPases, kinases and the
Kaiso transcriptional repressor. Despite recent advances in
understanding p120-catenin and Kaiso functions in regulating
both canonical and non-canonical Wnt signaling pathways at
the level of gene regulation, upstream regulators of the p120/
Kaiso pathway have remained unclear. Here, we identify
p120-catenin in association with Frodo, known to interact
with the Wnt pathway protein Dishevelled (Dsh). In Xenopus
laevis and mammalian cell lines, we expect that canonical
Wnt signals result in Frodo-mediated stabilization of p120-
catenin, which in turn promotes Kaiso sequestration or
removal from the nucleus. Gene targets normally repressed
by Kaiso are thus expressed, examined here in detail for Wnt-
11. Our results, which include rescue/functional interaction
tests, point to Dsh and Frodo as upstream regulators of the
p120-catenin/Kaiso signaling pathway. Importantly, this sug-
gests that Wnt signals acting through Dsh regulate the stability
of p120-catenin in addition to that of beta-catenin, with each
catenin promoting its respective signal in parallel to regulate
distinct (Wnt-11) as well as shared (Siamois) direct down-
stream gene targets.
doi:10.1016/j.ydbio.2006.04.349
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The Dishevelled protein mediates several diverse biological
processes. Intriguingly, within the same tissues where Xenopus
Dishevelled (Xdsh) controls cell fate via canonical Wnt
signaling, it also controls cell polarity via the vertebrate planar
cell polarity (PCP) cascade. The relationship between subcel-
lular localization of Dishevelled and its signaling activities
remains unclear; conflicting results have been reported depend-
ing upon the organism and cell types examined. We have
approached this issue by developing new reagents to sequester
wild-type Dishevelled protein either at the cell membrane or
away from the cell membrane. Removal of Dishevelled from the
cell membrane disrupts convergent extension by preventing
Rho/Rac activation and mediolateral cell polarization. By
manipulating the subcellular localization of K_M (dsh1), we
show that this mutation inhibits Dishevelled activation of Rac,
regardless of its subcellular localization. These data demon-
strate that membrane localization of Dishevelled is a prerequi-
site for vertebrate PCP signaling. Current work is focused on
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